Exclusive ρ 0 (770) photoproduction is studied for the first time in ultraperipheral pPb collisions at √ s N N = 5.02 TeV. The cross section, σ(γp → ρ 0 (770)p), is measured for photon-proton centre-of-mass energies, W γp , between 29 and 213 GeV with the CMS experiment. The results are compared to previous measurements and theoretical predictions. The measured cross section σ(γp → ρ 0 (770)p) has a power-law energy dependence, consistent with the electron-proton collision measurements performed at HERA.
Introduction
The CMS detector provides a very wide range of opportunities to study high-energy photon-induced interactions with proton and/or ion beams, due to the high energy and large integrated luminosities available at the LHC. Different exclusive particle production processes at high energies have been studied [1] [2] [3] . With the exclusive production of vector meson, parton distribution function at very low-x can be studied. The measurement of exclusive photoproduction of ρ 0 (770) mesons in the π + π − decay channel in ultraperipheral pPb collisions at √ s N N = 5.02 TeV is presented here.
Event selection
Events were selected online by requiring the simultaneous presence of the two beams at the interaction point in conjunction with at least one track in the pixel tracker. Offline, events with the largest energy deposition in any of the HF (hadron forward) towers above the noise threshold of 3 GeV are vetoed. Events are also required to have exactly two tracks corresponding to oppositely charged particles.
Backgrounds
A large background is due to proton-dissociative events, γp → ρ 0 (770)p * , where p * is a low-mass hadronic state. The ρ 0 (770) is detected while the lowmass state usually escapes undetected by the central region. This contribution is suppressed by rejecting events with activity in the forward calorimeters. In order to determine the residual contribution, a sample of dissociative events is selected by requiring activity in at least one of the forward detectors. This sample provides a template of the p π + π − T distribution of the dissociative events.
Another sizeable background comes from the exclusive photoproduction of ρ(1700) mesons. The ρ(1700) decays mostly into a ρ 0 (770) meson and a pion pair, leading to final states with four charged pions, or with two charged and two neutral pions. It can mimic large |t| ρ 0 (770) events, when only two opposite-sign pions escape detection inducing a p T imbalance in the event and thus a distortion in the |t| distribution. The template for this background is estimated using both data and MC samples.
Signal extraction
The extraction of the signal contribution is carried out in two steps. First, the proton dissociative and the ρ(1700) contributions are estimated by performing a fit to the data as a function of p π + π − T . This method relies on the fact that exclusive ρ 0 (770) events mainly contribute to the low-p π + π − T region, non-exclusive events dominate the high-p π + π − T tail, while the ρ(1700) contribution is at intermediate p π + π − T values. This makes the extraction of the proton dissociative and the ρ(1700) contributions robust. The result of the fit of the p π + π − T distributions is shown in Fig. 1 . The resulting residual proton-dissociative and ρ(1700) contributions, over the whole rapidity interval, are 18 ± 2% and 20 ± 2%, respectively.
After subtracting these backgrounds, the invariant mass distribution is unfolded using the iterative D'Agostini method [4] , which is regularized by four iterations. This procedure leads to corrections for experimental effects including possible data migration between bins. The response matrix is obtained from STARlight.
The invariant mass shape of the ρ 0 in photoproduction is then fitted to the Söding formula [5] 
where A is the amplitude of the Breit-Wigner function and B is the amplitude of the direct non-resonant π + π − production.
[GeV] Figure 2 shows the fit of the unfolded distribution, which gives M ρ 0 = 776 ± 1 (stat.) MeV and Γ ρ 0 = 154 ± 3 (stat.) MeV, consistent with the world average values [6] . The ratio of the non-resonant-to-resonant contributions, |B/A|, is 0.50 ± 0.05 (stat.), lower than 0.57 ± 0.09 (stat.) and 0.70 ± 0.04 (stat.), the values reported by the H1 and ZEUS collaborations, respectively [7, 8] . Since the ZEUS Collaboration found that |B/A| de- creases as |t| increases, the fit is repeated for |t| < 0.5 GeV 2 resulting in 0.56 ± 0.06 (stat.), compatible with the HERA results. In addition, no significant dependence of this ratio on W γp is found, in agreement with results reported by ZEUS.
Cross section
The differential cross section for exclusive photoproduction is given by
where N exc ρ 0 is the corrected number of exclusive ρ 0 events obtained from the fits; B is the branching fraction, equal about 0.99 [6] , ∆y is the rapidity interval, and L is the integrated luminosity of the data sample. The cross section dσ dy (pPb → pPbρ 0 ) is related to the photon-proton cross section,
Here, k is the photon energy, which is determined from the ρ 0 mass and rapidity, according to the formula k = (1/2)M ρ 0 exp (−y ρ 0 ). The average photon flux and the average centre-of-mass energy ( W γp ) values in each rapidity interval are calculated using STARlight.
The resulting photon-proton cross section, obtained for W γp between 29 and 213 GeV ( W γp = 92.6 GeV) and integrated over the range 0 < |t| < 0.5 GeV 2 , is σ = 11.2 ± 1.4 (stat.) ± 1.0 (syst.) µb. The photon-proton cross section values, σ(γp → ρ 0 p), for all rapidity bins are presented in Fig. 3. Figure 3 also shows a compilation of the fixed-target [9] [10] [11] [12] and HERA results [7, 8] . The line indicates the result of a fit to all the plotted data with the formula σ = α 1 W δ 1 γp + α 2 W δ 2 γp . The fit describes the data well. The CMS and HERA data are also fitted with the function σ = αW δ γp . The fit yields δ = 0.23 ± 0.14 (stat.) ± 0.04 (syst.).
The unfolded invariant mass distribution is studied for different |t| bins, and the extraction of the ρ 0 photoproduction cross section is repeated in each bin. In order to compare with the HERA results, the p T -related measurements are presented in terms of |t|, approximated as |t| ≈ (p π + π − T ) 2 . Figure 4 shows the differential cross section dσ/d|t| in the rapidity interval −1.2 < y(π + π − ) < 0, corresponding to a W γp range similar to that at HERA, compared with the H1 and ZEUS results [7, 8] . The Regge formula [13] Fig. 4 . Differential cross section dσ/d|t| for exclusive ρ 0 photoproduction [1] in the rapidity interval −1.2 < y(π + π − ) < 0 together with H1 and ZEUS data [7, 8] .
Summary
In summary, the CMS Collaboration has made the first LHC measurement of the exclusive ρ 0 photoproduction off protons in UPC pPb collisions at √ s N N = 5.02 TeV. The cross section of this process is measured in the photon-proton centre-of-mass energy interval 29 < W γp < 213 GeV. The results are consistent with those of the H1 and ZEUS collaborations. The combination of the present data and the earlier, lower energy results is in good agreement with theoretically inspired fits. The differential cross section dσ/d|t| for ρ 0 photoproduction is measured as a function of W γp .
